Abstract
Introduction
In light of recent evolution of world economy, the experts, researchers and policy makers have been trying to answer the question who should stand at the center of future economic growth and what forces should shape the economic recovery. We would like to contribute to this ongoing discussion by identification of the possible growth poles of future economic growth in the EU28 region and by assessment of their growth pole potential within this economic region. Although the character of our data as well as the procedure used restricts us to approach this topic from a historical perspective the outcomes of our analysis provide many useful insights into such a comprehensive topic as the future economic growth surely is.
As we concentrate on the situation within the EU28 plus Ukraine region, the growth pole country represents an economy in which regional growth is significantly concentrated and that is influential enough to have an impact on the growth of the regional economy as a whole. For a country to become the growth pole it requires to own the ability to stimulate the growth of its trading partners too, not only be able to push itself alone forward. The feature to attract and to drag the others is exactly the one which makes the growth pole economy the true leader of regional economic growth.
Additionally, the further investigation of the distribution of growth pole potential among countries can not only help us to understand whether the power to shape the future of this region is concentrated in the hands of few but also to see the dynamics of this process of concentration or de-concentration.
The choice of the economic region (EU28 plus Ukraine) is not an accidental one. The situation in Ukraine shows that this country stands at crossroads directing either toward a closer cooperation with EU28 club (potential future member state) or participation in the Common Economic Space customs union and free trade area. According to former Ukrainian and as well as Russian advisor Anders Aslund (2013) Their results are inclined rather to the benefits of membership in DCFTA, the key factors being further boost of Ukraine's export to EU countries, future inflows of foreign direct investments followed by job creation and, above all, improving the legislative and regulatory framework that will improve the business environment.
The purpose of this paper is therefore twofold: (1) to apply the growth pole theory on conditions of the EU28 plus Ukraine in order to identify growth poles that has substantially shaped the economy of this region and are likely to be at the center of a future economic growth of this region; (2) to investigate the resemblance of the distribution of growth pole potential among countries with a special case of the power law distribution observed in many economic disciplines, the Zipf's law.
Section I discusses origins, key features and building blocks of the growth pole theory along with its practical application in field of regional economy. Section II describes methodology used for computation of growth pole potential as well as for testing the presence of Zipf's law. Section III provides overview of data sources and describes their further adjustment. Finally, Section IV and Conclusions discuss the results and give new insights for field of regional and international studies as well as for the future research in this area.
Growth Pole Theory
The original concept of growth pole was firstly introduced by François Perroux (1950) who defines growth pole as centers from which centrifugal forces emanate and to which forces are attracted. Each center being a center of attraction and repulsion has its proper field, State Articles 2 The notion comes from the name for agglomerations of firms or industries, in which the concentrated growth relate directly to each other and the peripheral companies. In another sense, the term is used to denote a geographical dimension, i. e. cities with a concentration of economic growth. Another meaning can be found in the field of international relations where it is used to denote geopolitical power of concentration.
which is set in the field of all other centers. Originally, the concept of economic growth pole was set to exist in abstract economic space and only consequent implementation used is as a tool for spatial planning policies. Currently, the concept of economic growth focuses on its use as an integrated approach (across sectors, time and space) aimed on delivery of basic services in areas with actual or demonstrated growth potential. Additionally, growth pole concept does not restrict itself to the regional science but is widely applied in field of international relations, for instance. 2 Contemporary literature (World Bank, 2010, p. 37) views growth poles as: "points of economic growth and centers of economic activity that benefit from agglomeration economies, and through their interaction with surrounding areas spread prosperity from the core to the periphery." In its recent report, World Bank defines growth pole on national level: "as an economy whose domestic growth helps drive the growth process in other economies (World Bank, 2011, p. 16)."
The theoretical framework behind the concept of a growth pole centers on an idea of non-uniformity (polarization) of economic growth; rather then growing uniformly across set of units (cities, regions, countries etc.) the economic growth is expected to be concentrated around specific nodes or, in other words, growth poles. By Perroux (1950) the growth pole "must and will firstly develop within itself one or several regional centers of economic strength". In its original formulation the growth theory underlines existence of specific industries labeled as the growth drivers whose process of growth is driven by (1) economies of scale, (2) nurturing of forward and backward inter-industry linkages and, in a broader sense, (3) economies of agglomeration associated with spatial clusters and geographic concentration of economic activities (World Bank, 2010, p. 38).
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Three cornerstones of the growth pole theories can be distinguished: (1) propulsive industry as the core economic force shaping the growth pole; (2) spatial/geographical effects of growth pole existence; (3) strength of linkages connecting growth pole with its surrounding.
In the literature (World Bank, 2010) the propulsive industry is defined by three equally important characteristics: (1) industry (national economy) must be increasing returns to scale and be relatively large to have a significant impact on the economy (region, world economy); (2) it must be a relatively fast growing sector; (3) the interrelations of the dominant industry (national economy) with other industries (national economies) should be significant so that a large number of induced efforts will in fact be transmitted.
Important aspect of the current growth pole theory is related to spatial effects of growth pole existence. In has been historically recognized that economic growth has been associated with geographic polarization. It is argued (World Bank, 2009) that economic growth at the national level is in its essence geographically unbalanced as greater concentration of economic activities in few places lies at the heart of spatial transformation that accompanies economic development. To be qualified for a growth pole again three preconditions need to be fulfilled regarding the spatial effects: (1) geographic concentration of economic activities that exert a strong influence on their environment; (2) high portion of private sector investments; (3) latent capability of generating sustained growth over a prolonged period of time due to natural factor endowment.
The third cornerstone of the theory encompasses relevancy of the inter-industry (inter-regional, inter-national) linkages (channels) between core industry (city, region, national economy) and its surroundings. The literature specifies four types of linkages through which growth pole can have an impact on an economy: (1) backward linkages (flow of material, capital and information), (2) forward linkages (distribution chain connecting producers and/or suppliers with customers), (3) fiscal linkages (taxation policy through which provision of public goods is State Articles secured), (4) final demand linkages (multiplier arising from activity created by local spending of income). As discussed, the existence of linkages between firms and industries through which new technology and innovation may flow from their source (growth pole, propulsive industry) to their recipients (adjacent units, affected industry) represent a keystone of the growth pole concept. There are various factors (channels) through which the identified growth pole is capable of affecting the surrounding economies. Additionally, by the strength of these channels the economic power of the growth pole is assessed. Technology is considered a key channel in form of its transmission through institutions, capital movements, migration, and foreign direct investment in neighboring countries (Eaton and 
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Frankel and Romer, 1999). Picture 1 shows various channels through which the particular growth pole affects growth of neighboring countries.
Growth pole theory origins can be traced back to the work of Perroux (1950 Perroux ( , 1955 , Aydalot (1965) , Boudeville (1968) or Lasuen (1969) . At that time the prerequisites of becoming the growth pole (infrastructure, external economies, labour force, market, etc.) were investigated and top-down approach with active state intervention/ support was applied in policy-decision making process. During the sixties of the last century the theory was popular among policy makers across various countries, both developing and developed ones (for list of countries see for example World Bank, 2010; Christofakis and Papadaskalopoulos, 2011; Parr, 1999).
The critique in seventies and eighties in the last century by Gilbert (1974) , Moseley (1973) , Parr (1973) , Thomas (1975) , Parr (1999) pointed out to the fact that (1) diffusion had not been working properly as less developed regions remained underdeveloped; (2) and growth pole cohesion strategies had led to overconcentration of economic activity as the activity accumulation caused severe saturation issues. While this critique led to a significant drop in interest in growth pole theory, recently renewed interest can be observed in application of growth pole theory as a spatial planning tool especially on a regional level.
Globally, the World Bank has initiated new research focusing on growth pole theory as well as incentives for developing countries to pursuit their economic growth with help of the growth pole-based strategies (World Bank, 2011; Adams-Kane and Lim, 2011 for theoretical contribution and World Bank, 2010; Speakman and Koivisto, 2013 for applied research and policy publications). Countries or economic regions, where the concept of growth pole on regional level has been recommended and/or applied, range from Mozambique, Romania Although nowhere explicitly mentioned in the text the NSRF refers to the growth pole theory in many paragraphs. The most visible demonstration of the growth pole theory application is present in the following citation: "Growth poles typically have expanding sectors located in urbanized areas, causing changes in economic activities in their zone of influence, which leads to higher economic performance and competitiveness of the whole area, compared to the other parts of the region (NSRF, 2006, p. 79)." According to the document, the existing growth poles (innovative and cohesion) are to be identified, new growth poles are to be established and both of them should lead to a successful transformation to a knowledge-based economy (NSRF, 2006, p. 75) That the active support of the selected growth poles, or the top-down approach, is advocated by the NSRF document, is clearly seen in the following paragraph (the term are bold faced and underlined in the original document): "For the regional application of the NSRF strategy the important fact is that Slovakia has an evenly developed system of settlement centers, with polarized and agglomerated territories (the so called settlement core areas) forming around the most important centers. These towns and their agglomerations can fulfill the role of the so-called "engines of development" or growth poles of the individual territories (NSRF, 2006, p. 80)." Additionally, the NSRF accounts for the existence of the "spread effect" that: " (…) allows spreading out of growth effects and growth of competitiveness from the growth poles into the less developed territories (…), by creating favorable conditions for more efficient flow of capital, workforce and goods" (NSRF, 2006, p. 81)." programming framework incorporates some of the features of growth pole theory therefore indirectly pursuing theoretical concept in conditions of European regional development policy. 3 So far the theory has been predominantly applied on a regional (national) level in order to specify potential growth poles within the borders of a one country. Only recently some publications (Adams-Kane and Lim, 2011; World Bank, 2011; World Bank, 2013) take a broader perspective and apply this theoretical concept on an international level. While the first two publications focus on a global level the document by World Bank (2013) investigates creation of an inter-country growth pole in Central Africa along the line of LAPSSET Corridor Project.
As many decisions (tariffs, free movement of capital, labor, legal environment, or common currency) are country-related (specific) it is therefore plausible consider country as a homogeneous subject by neglecting within countries specifics and to investigate position of one sovereign economy in international environment from the growth pole 37 theory perspective. 4 In other words, the functional economic area that is object of our analysis is delimited by the borders of sovereign state which in turn represents an officially accepted entity with territorially specified space and as such can be characterized by a particular legal and cultural state of affairs. Despite many incentives towards harmonization of many economic aspects within the borders of the European Union 5 the current structure prohibits simply forgetting all the economic, legal and cultural differences among member states.
Methodology
In this part of our paper we briefly introduce concept of growth pole indicators proposed by Adams-Kane and Lin (2011) and later used in World Bank (2011). As apparent in the Picture 1, there are various channels through which growth pole economy can affect economic growth of neighboring economies.
We further advance list of polarity measures representing particular channel of growth pole by adding a new channel through which growth can be fuelled in neighboring countries: flow of personal remittances. Several studies (Buch and Kuckulenz, 2010; Rao and Hassan, 2012 among others) point out to positive impact of personal remittances inflow on economy of receiving countries. Thus, such a country that is a source to these remittances (emitter) should be considered a key player to their economic growth and therefore be labeled as growth pole. 4 The level of generalization on which the growth pole concept is applied is always a key factor to be decided. The common European Cohesion Policy aims at improving of well-being of regions within the EU28 economics space where regions are defined on three levels. The NUTS (Nomenclature of Territorial Units for Statistics) classification subdivides economic territory of the EU member states into three levels. The zero stage, NUTS0, is sometimes used defining the sovereign member states of the EU28 economic region. As the European Cohesion Policy focuses on NUTS1 to NUTS3 regions the research conducted in this paper therefore should not belong to the area of regional policy as defined and understood by the term "Regional policy of the European Union" but rather to the field of international economics even though the tools we use are borrowed from the regional economics. 5 Creation of single market among all and monetary union for some EU28 participating states.
State Articles 6 The development of a new industry or economic activity in a growth pole encourages the concentration of a further industrial activity, thus the growth pole could be characterized by a relatively concentrated industrial activity built around and within it. 7 Consider two countries with the same growth rate in year 0 of 2%: country A's share is 10%, country B's share is 5%. The polarity measure for country A in year 0 is 0.002 and for country B has value of 0.001. In year 1 both countries experience negative GDP growth rate of -2%, while their GDP shares remain roughly unchanged. The polarity measure for country A in the subsequent year is approximately -0.002 and for country B has approximate value of -0.001. While in year 0 the country A clearly dominates the country B, in year 1 the reverse is true.
Growth Pole Computation
The economic growth rate measured as the GDP growth rate is used as variable representing the key element of the growth pole definition: the propulsive industry (economy) that is at the center of the economic growth of not only the particular economy but can also pull the growth of all the other industries (countries) linked to it through various channels (linkages). Thus, the growth pole economy should be the economy that can be characterized by a substantial economic growth over a longer time period.
Secondly, the concept of growth poles specification presented in Adams-Kane and Lin (2011) takes into account relative size of a growth pole by multiplying growth rates with relative shares on total. Thus, the computation takes into account also the agglomeration effect linked to the economies of scale. 6 In other words, not only the speed of economic growth matters relative size is equally important. The economic growth can be further transmitted to other subjects through various channels (linkages) that are specified in the Picture 1.
The original procedure suggested by Adams-Kane and Lim (2011) allowed for achieving negative values for polarity measures due to the usage of simple annual growth rate. Thus, countries with a high relative share in any indicator are more likely to achieve the bottom scores when their growth rates drop into negative numbers. 7 We adjusted the original procedure using the anchored economic growth instead of the simple annual changes. The choice of the anchor year is based on a simple rule: in this year the minimum value of GDP over the period analyzed for all countries at the same time has to be achieved. In our case, the year 2000 fulfills this condition and is chosen as the anchor year and consequently 39 where P i,t stands for polarity index in time t for a country i, the x i,t for any economic variable of interest, S i,t stands for share of economy i in time t on total, g i,0→t for growth rate of economy measured as GDP based growth rate.
According to the equation in [1] , the strength of the particular channel of transmission is simply defined as the size-adjusted economic growth rate. In line with the World Bank (2011) and Adams-Kane and Lin (2011) various factors are taken into consideration as a representation of particular growth pole channel, as shown in the Picture 1. In other words, we define and compute strength of those channels that are linked to external trade, demand side of an economy, international financial flows, foreign direct investments, labor movement and technological spillovers effects adjusted for economic growth rate. As argued previously, we use data on remittances flows from and to a single economy as an additional transmission channel of potential growth pole.
The countries can be further ranked from highest to the lowest ones according to the absolute value of the polarity index. The higher the value of index the more significant the share of a country in global environment measured by the country's size adjusted growth rate. Or, in other words, the stronger the channel through which a particular country can affect the growth of its neighboring countries, the higher the growth pole potential.
.
the period analyzed is restricted to years 2000 -2012. As the anchored growth rates rise over time we scale the final results for each year by computing the shares on total in order to make yearly observations comparable among themselves.
The strength of the particular channels of transmission can be therefore measured by the following individual polarity indices:
State Articles 8 Defined as a sum of domestic consumption, investments and government spending. 9 Defined as a sum of portfolio investments and other investments asset entries. 10 Defined as a sum of portfolio investments and other investments liabilities entries.
Specifically, the following individual polarity indices are calculated and interpreted:
, ,
Polarity measure of economic growth: .
Polarity measure of external trade: .
Polarity measure of domestic absorption:
Polarity measure of financial flows: .
Polarity measure of FDI flows: .
Polarity measure of labor move
ment: .
Polarity measure of private remittances: .
Polarity measure of technical spillovers: .
is a growth rate of GDP of a country i in time t against initial date t=0, s i,t growth is measured as a share of a country i GDP on total regional GDP for 28 EU countries plus Ukraine in time t, s i,t NX is measured as a share of a country i import on total regional export for 28 EU countries plus Ukraine in time , t s i,t DA is measured as a share of a country i domestic absorption 8 on total regional domestic absorption for 28 EU countries plus Ukraine in time t, s i,t FF is measured as a share of a country i financial outflows 9 on total regional financial inflows 10 for 28 EU countries plus Ukraine in time t, s i,t FDI is measured as a share of a country i FDI outflows on total regional FDI inflows for 28 EU countries plus Ukraine in time t-1, s i,t MIG is measured as a share of a country i stocks of immigrants on total regional stocks of immigrants for 28 EU countries plus Ukraine in time t, s i,t REM is measured as a share of a country i personal remittances outflows on total pversonal remittances inflows for 28 EU countries plus Ukraine in time t, s i,t TECH is measured as a share of a country i number of patents on total number of patents for 28 EU countries plus Ukraine in time t.
[2]
Structure of the EU28 plus ukraine economic region from the growth pole theory perspective Region Direct 1/2014 41 11 The central idea of principal component analysis (PCA) is to reduce the dimensionality of a data set consisting of a large number of interrelated variables, while retaining as much as possible of the variation present in the data set. This is achieved by transforming the original set of variables into a new one, the set consisting of the principal components (PCs), which are uncorrelated and which are ordered so that the first few retain most of the variation present in all of the original variables. The PCA procedure ensures that the sum of all the eigenvalues that corresponds to the eigenvectors of covariance matrix of demeaned data is equal to the sum of the squared distances of the points from their multidimensional mean. This knowledge is utilized for decision how many eigenvectors with corresponding eigenvectors and principal components are sufficient enough to preserve most of the variation of the original variables. In other words, we choose that or those eigenvector/s with corresponding eigenvalues and vector/s of principal components that are able to capture at least 75 percent of the original variance in the data. 12 The percentage of explained total variance exceed in most of the cases 75 percentage points and in more than half cases the threshold 90 percentage points is surpassed. Generally, this threshold is considered as a sufficient one in social sciences. 13 In order to avoid distortion of the data by Penn effect the GDP expressed in PPP is used for calculation of the growth rate too. The Penn effect describes an observation that general price level in less income countries tends to be systematically lower than in countries with higher income. This is mainly due to the fact that the prices of non-traded goods and services in low income countries are systematically lower than prices of those goods in high income countries. However, market exchange rates reflect, among others, prices of traded goods which have a tendency to converge over time and space therefore systematically understate the standard of living in poor countries. In general, GDP expressed in PPP exchange rates tends to be higher than nominal GDP in market rates for low income countries and vice versa for high income countries. The PPP conversions allow cross-country comparisons of economic aggregates on the basis output produced and free of exchange rate variations and price level differences. 14 The dataset spans over the period of 2008 -2012 when the Great Recession took place in most of the European countries. Filtering time series by Hoddrick-Prescott filter enables us to ignore cyclical fluctuations during this period and to focus predominantly on a long-term outlook of European economies. 15 The creator of the theory of unbalanced growth, Otto Hirschman (1958) , bases his theory strongly on the seminal work by Perroux's growth pole idea. According to the theory of unbalanced growth the industrialization of a certain "leading" sectors would pull along the rest of the economy. The effect of one investment on the profitability of investment at earlier or later stage is enabled through existence of backward and forward linkages. By words of Hirschman (1958) : "Economic growth follows the course of imbalances in the system. Competitions, tensions as well as inducements are the inevitable outcome of unbalanced growth, and more these are, greater the prospects of growth."
Based on the individual polarity indices it is possible to construct the multidimensional polarity measure by employing the statistical procedure that would decrease the dimensionality of variables into one composite index. In order to construct the multipolarity index we utilize the method of principal components analysis. 11 In all of the cases we State Articles use the first principal component that accounts for the highest share of common variance. 12 Times series for the GDP are expressed both in purchasing power parity 13 and in real terms using GDP deflator. As we are interested in longterm perspective the cyclical components of all series are removed by Hodrick-Prescott filter procedure in order to obtain the trend component which is consequently used for computation of growth poles. 
Power-Law Rule, Zipf's Law and Growth Pole Concept
The theory of growth pole is strongly related to the existence of unbalanced growth and vice versa. 15 Therefore, let us once again recall the idea of non-uniformity (polarization) of economic growth which states that rather then growing uniformly across set of units the economic growth is expected to be concentrated around specific growth poles. As the growth poles represent countries (nodes) that are expected to be the propulsive economies (industries) it can be expected that the growth poles will form a heterogeneous distribution with the major growth poles occupying the top places.
Thus, the key question we will be asking here is whether the distribution of growth poles in the EU28 region is more uniform; i.e. growth potential is equally distributed across countries; rather than highly positively skewed. In fact, what we are asking is whether the distribution of individual polarity indices confirms the existence of Zipf's law.
Zipf's law states that, for most countries, the size distribution of cities and of firms are power laws with specific exponent equal to one: the number of cities and firms with a size greater than S is inversely proportional to S. In its general form the Zipf's law refers to the fact that the probability P(s)=Pr{S>s} that the value S of some stochastic variable, usually the size of frequency, is greater than s, decays with the growth of s as P(s):s -1 . Then the probability density function p(s) exhibits the power law dependence p(s):1/s 1+m with m=1 (Saichev et al., 2010) 43
The existence of Zipf's law in social sciences has intrigued many researchers for a long time and has been observed to emerge in many economic disciplines (Gabaix, 2009) Gabaix, 2009 ). As the investigation of underlying processes causing the existence of Zipf's law in growth pole network are behind the scope of this paper we do not discuss them in any more detailed way but leave it for a future research.
The methodology used for confirmation or rejection of the Zipf's law is based on the rank-size rule. According to this rule (based on power law distribution) we can order growth poles from the largest one to the smaller one in relative terms (shares) and then draw the distribution of growth poles on a log-log scale:
with k i * being the rank of the growth pole i, k i value of the particular polarity measure expressed in shares on total, C constant and α slope of the distribution.
The degree of distribution displays hierarchy in the degree of growth poles; the more steep the slope of the distribution the more heterogenous the growth pole hierarchy. In our case, the Gipf's law will be confirmed if | α |→1, estimated by the simple linear regression in [3] by the OLS technique.The estimation of the α coefficient will not only help to confirm or reject the existence of Zipf's law in the growth pole State Articles 16 In the original text the coefficient | α |>1 implies a situation when small unites grow faster than large units because of the different specification of equation [3] . The text by Gabaix (2009) uses rank k i * of the growth pole i, as the dependent variable while value of the particular polarity measure as the independent variable. Our measurement of presence of the Gipf's law is in line with Crespo et al. (2012) . 17 It is necessary to keep in mind that our polarity measure is a product of an economic growth multiplied by a share on total measured by a particular economic variable. Therefore the grow of a unit in terms of Gipf's law describes a change in value of the particular polarity index and not only the GDP growth per se. Thus, while small countries in terms of their GDP p.c. may tend to grow faster than the high income economies (due to the decreasing returns from capital or small output gap in high income economies), in terms of growth of their polarity index they can in reality grow slower than the high income economies. 18 The usual problem of obtaining the data occurs as well at this point. Due to the lack of data on total stock of immigrants which would distinguish between skilled and non-skilled labor force one can focus only on the potential contribution of immigrants to the growth perspectives of receiving country while implicitly assuming that the higher the share of immigrants on total pool of immigrants the more favorable prospects of future growth. network but might also inform about the underlying processes that lead to such distribution of growth poles. In the context of random growth process the coefficient | α |>1 implies a situation when small units (industries, economies) grow slower on average than large units and vice versa (Gabaix, 2009 , p. 261). 16 As we will see later this is exactly the situation we observe in the EU28 plus Ukraine growth pole network. The computation of migration polarity index is based on data from the World Bank database on stocks of immigrant on bilateral basis for years 2000 and 2010. 18 The polarity measure of labor movement as well as composited index with labor movement indicator included is therefore computed only for those two years.
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This is the direct consequence of balance of payments accounting and presentation of balance of payments statistic according to the newest Balance of Payments and International Investment Position Manual published by the IMF (2009). Positive values assigned to the liability entries (investments in domestic economy) represent a situation when financial inflows are higher than outflows due to the investments in domestic economy. Negative values assigned to the assets entries (investments of domestic agents abroad) represent a situation when financial inflows are lower than outflows due to the investments outside the domestic economy.
The patents polarity index used as a proxy variable for technological spillovers channel utilizes total patent applications (direct and PCT national phase entries) by applicant's origin collected by the World Intellectual Property Organisation for years 2000 to 2011.
Both foreign direct investments inflows and outflows were taken from the UNCTAD database on yearly basis, are expressed in millions of current US dollars for period of 1993 to 2012. Data on financial flows (portfolio and other investments) used in calculation were drawn from financial account of the balance of payments for portfolio and other investments split up to liabilities and assets available in IMF database and are expressed in millions of current US dollars for years 2005 to 2012.
Data on capital and financial flows were subject to secondary adjustment due to the fact that variables can admit both positive and negative values in case of assets as well as liabilities entries as data provided by the IMF database are in reality net financial flows. 19 As the computation of growth pole requires use of financial inflows and outflows rather then assets and liabilities we transform data in the following way: (1) positive value in liability entry is taken as net financial inflow, (2) negative value in liability entry is taken as net financial outflow, (3) positive value in asset entry is taken as net financial outflow, (4) negative value in asset entry is taken as net financial inflow.
Contrary to the approach used by the Adams-Kane and Lim (2011) we do not to fill gaps in time series by any extrapolation method. As missing data is almost exclusively the case of transition economies that do not appear to be the major growth poles in their early stage of their economic transformation in middle and late nineties we deliberately left some time series incomplete. In other words, even thought the full set of variables for the 28 EU countries plus Ukraine is firstly complete in 2005
State Articles 20 See the discussion in footnote No 10 regarding the differences between nominal GDP expressed in current exchange rates and the GDP based on the PPP concept and the impact of the so called Penn effect. 21 Absolute value of deviation from real GDP based scores for selected contries is higher (lower) than simple average plus (minus) one standard deviation. data on growth poles before this year can be analyzed in a meaningful way but with enough grain of salt especially with regard to the transition countries. Table 1 and Table 2 in Appendices summarize historical evolution of contribution of the selected European countries to the regional growth of EU28 plus Ukraine economic territory. There are several features notable in this overview of our results.
Empirical Results
First of all, the difference between the PPP based growth rate and the real GDP measurement of economic growth is apparent especially in case of three countries among top 10 countries (United Kingdom, Italy and Poland). Looking back at the absolute levels of GDP expressed in PPP and in current prices the standard economic thinking holds, i.e. developing countries generally achieve higher GDP expressed by PPP than in current US dollars. 20 However, once we look at the changes in levels the picture becomes more interesting. Economically, the measurement of real GDP is adjusted for change in prices (inflation) but not for exchange rate fluctuations. The nominal GDP measured by PPP exchange rates is adjusted for exchange rate fluctuations but not for inflation. Thus, the difference in scores reflects change in domestically produced output attributed to the change in 47 22 In the period 2001-2004 the United Kingdom basically dominates the entire economic region with score representing one fifth out of total (ranging from 27.7 in FDI indicator to 18.2 in foreign trade by real GDP, neglecting surprisingly low score for remittances and migration dimension).
relative prices of goods among countries. In general, countries that score better in PPP adjusted growth rates belong to the group of developed countries (except Portugal) while countries from the former Soviet block scores better in indicators based on constant prices. No matter the current economic situation, Italy, Germany or Netherlands clearly belongs to the group of high-income economies and positive GDP growth rates measured by the PPP exchange rates clearly reflect this fact. Thus, their relatively high position in PPP based growth pole ranking is likely to be attributed to the income differences between economic agents living in those developed countries in comparison to the transition countries.
Secondly, no matter the measurement of economic growth the four major European economies has ruled over European economy for the most of the time and have remained the most prominent growth pole even under the pressure of debt crisis that spread all over the Europe. More concretely, UK, Germany, France and Spain have dominated in European economy for over the last ten years with minor changes in their ranking within the group of top performers. Within this group Germany and United Kingdom have been reshuffling the ordering when Germany attributes for the most significant improvement while the United Kingdom loses its previously unquestioned dominance. 22 As shown by the α parameter estimated from the equation [3] the distribution of growth pole potential among countries follows today the same pattern as it was ten years ago with only one small difference -instead of the UK the Germany is on top.
Belgium, Sweden and Netherlands supplement the group of developed countries that have been constantly occupying top 10 as the major economic growth poles in the European economic space. The gap between top 4 performers and runner-ups had been closing before the financial crisis hit the European economy.
The only country from the EU "newcomers" that can proudly hold the title growth pole of EU28 is Poland. In both PPP and real State Articles 23 Finland holds 7th place in total number of patents and is considered to be a country with highly innovative industry and one of the best educational system in the world; Greece was net receiver of financial support from the IMF, European Commission and ECB since 2010 due to its problems with foreign indebtedness; Ireland held the 5th place in terms of total financial inflows as well as outflows even before the debt crisis hit the country in 2010; Ukraine scores very high due to the large Russian minority especially in the east part of the country; score for Czech republic in Remittances indicator is a product of relatively high GDP growth rates and 10th place in absolute share of remittances paid abroad; in absolute values Luxembourg dominates in financial inflows (3rd place) and outflows (2nd place) ranking which reflects status of this country as a financial center focusing primarily on banking sector. 24 With Slovak republic and Luxembourg as the exceptions all countries in top 10 belong to the upper half of countries according to the PPP based GDP share in 2012. By real GDP share Czech Republic, Romania, Slovak Republic and Luxembourg belong to the lower half of countries in 2012.
GDP adjusted indicators the Poland has been successful in becoming major economy and currently leads the group of runner-ups. Yet, Poland still lacks in some dimensions before it can be fully recognized as the new growth pole of the European economy. The possible direction of improvement for Poland economy lies in relatively low scores for financial flows and patents polarity measures, remittances and migration. These results suggest that the level of Poland capital investments abroad in neighboring countries still lags far behind its potential. Additionally, investments into domestic research and development are needed in order to further boost importance of Polish economy; while the lower score in relative number of patents for Poland as developing country is not a surprising one the improvement would benefit both domestic economy as well as economies of neighboring countries. The success of Polish economy in becoming a growth pole lies in a more traditional sphere of domestic demand support (strong domestic demand coupled with orientation on foreign grade) rather then stimulating foreign growth with capital flows and technological spillover. 23 In general, growth poles of EU28 plus Ukraine economic space are usually the countries belonging 49 25 Basic composite growth pole measure includes growth pole polarity measure, polarity measure of external trade, domestic absorption and FDI flows as defined in part III.I. 26 As the principal component analysis procedure used for computation of composite indicator aims at creating a common component that accounts for most of the common variance in data while excluding specific variance of selected variables the similarities among columns in Table 3 are to some extent expected.
to the group of relatively big or at least medium size economies in terms of the GDP share on total regional GDP or on domestic absorption. 24 Looking at the results of the composite growth pole indicator in the Table 3 the differences between basic growth pole measure 25 and composite indicators including financial flows, remittances and patent polarity indices generally reflect scores achieved in individual polarity measures. For instance, accounting for patent indicator, Germany achieves 1st place with the dominant position representing more than one third out of total. 26 Aggregating all individual polarity measures in one composite indicator (basic with patents and remittances) it can be clearly seen that Germany rules over the EU28 plus Ukraine economic region in the last four years after it has taken over from United Kingdom followed by France, Spain, Poland and then group of relatively smaller countries such as Netherlands, Sweden, Belgium and Luxembourg. The special case of Italy is to be attributed to the differences between PPP and real GDP growth rate based indicators discussed previously.
Fourthly, the trajectory of change in growth pole indicators does not appear to be stable over time, for both group of bigger as well as smaller countries (in terms of their economic size). The financial crisis in 2008 and consequently the European debt crisis in late 2009 have accelerated the change in distribution of economic growth potential across Europe and revealed countries with strong potential to shape the future of European economy. Ironically, the financial and economic turmoil which started in 2008 and rules over current economic situation could have helped some countries to stand against the dominance of major European players from the western hemisphere (United Kingdom, Spain and Italy). But only two countries have been powerful enough to challenge this dominance; Germany that has skyrocketed upwards from among the group of "old" EU28 members and Poland as a representative of a group of young countries with transition economies.
State Articles 27 As one apparent reason for this discrepancy the level of average wage in Ukraine and western EU28 countries comes in mind. Secondly, the Russian minority forms a majority of immigrant stocks which in turn roots in historical and geopolitical reasons. While labeled with the Russian nationality, working, consuming and spending their income in Ukraine these citizens are likely not to send their income back to Russia.
In light of current situation in Ukraine, we discuss historical evolution in individual as well as composite growth pole indicators in a more detailed way. As apparent in the Table 4 , the Ukraine has been on a slow but steady upward growth path for the last 10 years, mainly thanks to the rise in the domestic absorption indicator. Foreign trade as well as the foreign direct investments indicator show similar progress which altogether brings a positive development especially in basic composite indicator. This positive movement upwards is even more visible looking only at the real GDP growth based values. Thus, the relative price competiveness due to fixed exchange rate regime has brought its fruits.
The special attention should be paid to the high score for the Ukraine in migration indicator. By total value of immigrant stocks Ukraine scores in 4 th place for year 2010 among EU28 countries with Ukraine included which explains such a high ranking achieved in this channel. Interestingly, the value of personal remittances paid back to the country of immigrants' origin does not represent a significant amount of money comparing it to the volume of remittances paid by other EU28 member countries. According to the bilateral data on immigrant stocks by World Bank for 2010 the majority of immigrants in Ukraine come from the Russian Federation and countries of former Soviet Union block and the share of remittance paid on the current GDP of Ukraine in 2012 is approximately half percentage point. Thus, even with the 4 th highest immigrant stock among all countries analyzed the value of remittances transferred outside the territory of Ukraine does not represent a significant financial burden for the Ukrainian economy. 27 Apparently, the key channels of transmission on which the Ukraine could base its economic power as a growth pole are domestic absorption, foreign trade and, intriguingly, technology spillovers measured by volume of total patents applications. Measured by the share of total number of patent applications on current GDP in mil. US dollars, the Ukraine scores in 12 th place for year 2011, close to the United Kingdom 51 (11 th place) or France (9 th place) and the trend is upward sloping. Unfortunately, recent political as well as economic crisis due to events in Kyiv and Crimea will surely put stop to this positive development observable in the last years.
Given the theoretical foundations of Zipf's law we present Graph 1 and Graph 2 where the evolution of the α coefficient for different polarity measures is plotted. In all cases the absolute value of the α coefficient is higher than unity which indicates the existence of power law characterized by a higher growth in units with highest ranks in comparison to the low ranked units; i.e. the distribution is more heterogeneous than in the benchmark case of Zipf's law. In other words, the growth pole potential is accumulated predominantly in the upper part of the distribution and the potential of growth pole countries rise at a faster rate than of those non-growth pole countries. Evolution of the α coefficient over time points out to a slight decrease in heterogeneity towards year 2008 while the financial crisis has led to a backward movement.
Regarding the differences between particular polarity measures the foreign trade indicator followed by domestic absorption and growth polarity measures are the closest one to the benchmark Zipf's distribution. Polarity measure of patents can be characterized by a highly heterogeneous distribution; a fact which can be traced back to the dominance of Germany in that particular polarity measure (Table 1 and  Table 2 ). Two particular polarity measures stand aside, remittances and foreign direct investments, due to their specific features in evolution of the coefficient over time. While in the first case of remittances indicator change the distribution only for the particular year of 2002 due to the one-time hit, the more volatile nature of foreign direct investments transforms into volatile evolution of the α coefficient.
To conclude, the growth potential among EU28 plus Ukraine economic region is, apparently, distributed heterogeneously with a significant concentration in upper parts of distribution. The financial crisis has enabled reshuffling of positions in the upper part (Germany vs.
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United Kingdom) and strengthened or crashed the position of particular countries (Poland vs. Italy) yet has itself led to a widening of the gap between countries rich in growth potential and those dependent of them. It seems, that the idea of unbalanced growth by Hirschman fueled by the growth pole theory by Perroux reflects itself in the highly heterogeneous distribution of growth pole potential; yet the question of positive spillover effects stemming from the growth poles to those dependent on it should be challenged.
The Map 1 and Map 2 in Appendices nicely summarize our conclusions in an illustrative way. The growth pole potential of the EU28 plus Ukraine economic region fixed in year 2012 is concentrated around the South-West to North-East Arch located around shores of the Atlantic Ocean with Italy representing the one very specific exception to this rule. Thus, the distinction between the "old" and "new" EU28 members or the North-South concept does not fully captures the recent evolution in terms of the growth potential of this economic region. Rather then that the proposed notion of an economic growth pole arch with a geographical distribution concentrated around Atlantic Ocean could be more appropriate.
Conclusions and Policy Implications
Since the beginning of the new the most prominent role in the economic region of the EU28 plus Ukraine has been played especially by the western developed countries. According to our results, the dominant power in this region, the United Kingdom, has lost its position mainly due to the global economic crisis and shift in growth pole potential has been done towards Germany. Thanks to the successful economic transformation and the EU accession only Poland as the representative of transition economies has been able to catch up with the group of top performers from the "old and western" European countries. Geographical distribution of a growth pole potential among countries hints to the fact that rather then the old-fashion distinction between the "old" and "new" EU28 members or the North-South concept the term "the South-West to North-East Economic Arch" could be more appropriate.
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The distribution of the growth potential among European countries remains heterogenous with a swing towards the benchmark distribution following the Zipf's law as a special case of a power law distribution family. Yet, the values of the α coefficient measuring the slope of the distribution suggest that the economic potential is not only concentrated in the upper part of the growth pole distribution but the rise of the growth pole potential is higher in the countries already established as the growth poles than in countries dependent on them. Thus, a very deep examination of expected positive effects of the growth poles on their environment should lie at the heart of a future theoretical as well as practical research. State Articles 
